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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates generally to sensors, and
more specifically to a microfused silicon strain gauge
(MSGQG) pressure sensor package.

[0002] In general, state-of-the-art microfused silicon
strain gauge pressure (MSG) sensors are used through-
out the automotive industry for applications ranging from
brake, transmission, cylinder and fuel pressure sensors,
to occupant weightforce sensing. Such pressure sensors
typically consist of silicon strain gauge elements which
are glass-bonded to a stainless steel diaphragm. The
design of the sensor is such that it provides various sig-
nals based on processed sensed conditions.

SUMMARY OF THE INVENTION

[0003] The following presents a simplified summary of
the innovation in order to provide a basic understanding
of some aspects of the invention. This summary is not
an extensive overview of the invention. It is intended to
neither identify key or critical elements of the invention
nor delineate the scope of the invention. Its sole purpose
is to present some concepts of the invention in a simpli-
fied form as a prelude to the more detailed description
that is presented later.

[0004] The present invention provides methods and
apparatus for a microfused silicon strain gauge pressure
sensor.

[0005] In an aspect, the invention features a pressure
sensor package including a sense element configured to
be exposed to a pressure environment, the sense ele-
ment including at least one strain gauge, an electronics
package disposed on a carrier and electrically coupled
to the sense element, the carrier disposed on a port that
includes the sense element, the port enabling a decou-
pling feature for axial and parasitic sealing forces and a
reduction of a port length, a housing disposed about the
sense elementand electronics package; and a connector
joined to the housing and electrically connected to the
electronics package, the connector including an external
interface.

[0006] In another aspect, the invention features a port
including a membrane, a thread, a biting edge/sealing
edge, and an inner bore hole, a pressure environment
extending from the biting edge/sealing edge through the
inner bore hole to the membrane, wherein the port ena-
bles a decoupling feature for axial and parasitic sealing
forces and a reduction of a port length.

[0007] Embodiments may have one or more of the fol-
lowing advantages.

[0008] The microfused silicon strain gauge pressure
sensor ofthe presentinvention provides improved sensor
performance within a smaller modular sensor package.
[0009] The smaller modular sensor package enables
improved vibrational performance.
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[0010] The microfused silicon strain gauge pressure
sensor of the present invention enables improved man-
ufacturability (DFMA) and quality by minimizing the
number of process steps and components, and making
use of low risk processes.

[0011] The microfused silicon strain gauge pressure
sensor of the present invention enables a deep drawn
cup, a port with a trench, clip-in support ring, springs and
a package closing by a simple crimping operation.
[0012] The microfused silicon strain gauge pressure
sensor of the present invention enables vibrational im-
provement, weight and height reduction, optimized eco-
nomic productivity while ensuring productivity with fewer
components.

[0013] These and other features and advantages will
be apparent from a reading of the following detailed de-
scription and a review of the associated drawings. It is
to be understood that both the foregoing general descrip-
tion and the following detailed description are explana-
tory only and are not restrictive of aspects as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be more fully understood by
reference to the detailed description, in conjunction with
the following figures, wherein:

FIG. 1 illustrates a first exemplary pressure sensor
package.

FIG. 2 illustrates a cross-section of a port of the first
exemplary pressure sensor package of FIG. 1.
FIG. 3illustrates another exemplary pressure sensor
package.

FIG. 4 illustrates another exemplary pressure sensor
package.

FIG. 5illustrates another exemplary pressure sensor
package.

DETAILED DESCRIPTION

[0015] The subject innovation is now described with
reference to the drawings, wherein like reference numer-
als are used to refer to like elements throughout. In the
following description, for purposes of explanation, nu-
merous specific details are set forth in order to provide
athorough understanding of the presentinvention. It may
be evident, however, that the present invention may be
practiced without these specific details. In other instanc-
es, well-known structures and devices are shown in block
diagram form in order to facilitate describing the present
invention.

[0016] In the description below, the term "or" is intend-
ed to mean an inclusive "or" rather than an exclusive "or."
Thatis, unless specified otherwise, or clear from context,
"X employs A or B"is intended to mean any of the natural
inclusive permutations. Thatis, if Xemploys A, X employs
B, or X employs both A and B, then "X employs A or B"
is satisfied under any of the foregoing instances. More-
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over, articles "a" and "an" as used in the subject specifi-
cation and annexed drawings should generally be con-
strued to mean "one or more" unless specified otherwise
or clear from context to be directed to a singular form.
[0017] A sensor package such as, for example, a mi-
cro-strain gauge (MSG) device, may have an electronic
module assembly (EMA). The EMA may be mechanically
fixed above a diaphragm in the sensor package for wire-
bonding. The EMA may be connected electrically to a
housing associated with the sensor package for electro-
magnetic compatibility (EMC) performance.

[0018] Clip-in support rings are used to provide these
functions in adevice such as, forexample, a sensor pack-
age. The clip-in support rings may, for example, provide
fixation of the EMA by way of a spring force and a reaction
force. Moreover, affixing (e.g., spot welding) a clip-in sup-
port ring to a housing of the device may, for example,
provide a robust mechanical and/or electrical connection
to the housing. The electrical connection may provide
electrical continuity between the EMA and the housing.
[0019] AsshowninFIG. 1, an exemplary sensor pack-
age 100 may include, for example, a connector 110, one
or more contact springs 120, an environmental seal 130,
EMA 140, clip-in support ring 200, a housing 160, and a
sense element assembly 170.

[0020] The connector 110 may connect the sensor
package 100 with an external source (e.g., an Electronic
Control Unit (ECU)). Connector 110 may include a ter-
minal that may make, for example, electrical contact with
an electrical conductor (e.g., an electrical wire) that may
be connected to the external source. The terminal may,
for example, be used to transfer signals that may be pro-
duced by the sensor package 100 to the external source
via the electrical conductor. The signals may include, for
example, sensor readings that may be made by the sen-
sor package 100.

[0021] Contactsprings 120 may provide electrical con-
tinuity between EMA 140 and, for example, a terminal
contained in connector 110. Contact springs 120 may
include an electrically conductive material (e.g., silver
plating) that may be used to provide the electrical conti-
nuity and protect against corrosion.

[0022] Environmental seal 130 may provide a seal be-
tween, for example, connector 110 and housing 160. En-
vironmental seal 130 may prevent, for example, contam-
inants (e.g., moisture, dirt), that may potentially affect a
performance of the sensor package 100, from entering
the sensor package 100.

[0023] EMA 140 may include, for example, a circuit
board and one or more electronic components 142 (e.g.,
integrated circuits, transistors, resistors, capacitors, in-
ductors, diodes). The circuit board may be a printed cir-
cuit board (PCB). The electronic components may be
mounted on the circuit board. The electronic components
may, for example, process conditions (e.g., forces)
sensed by sense element assembly 170 and/or generate
signals based on the sensed conditions. The electronic
components may include components that may transfer
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the generated signals to an external source via a terminal
that may be contained in connector 110.

[0024] Housing 160 may provide a mounting platform
forthe clip-in supportring 200. Housing 160 may be made
of a metal that may enable clip-in support ring 200 to be
affixed (e.g., welded) to the housing 160. In an embodi-
ment, housing 160 is shaped as a hexagonal cup.
[0025] Sense element assembly 170, which includes
a port with two gages glass bonded to the port, may in-
clude provisions for sensing conditions such as, for ex-
ample, conditions applied to the sensor package 100.
Sense element assembly 170 may include for example,
strain gauges 172 that may be used to sense various
forces that may be applied to the sensor package 100.
[0026] Conditions sensed by sense element assembly
170 may be detected by circuitry contained on EMA 140.
The circuitry may process the sensed conditions and
generate various signals based on the processed sensed
conditions. The signals may be transferred from the sen-
sor package 100 to an external source via a terminal
contained in connector 110.

[0027] Clip-in support ring 200 may be a support ring
that may secure EMA 140 in sensor package 100. Spe-
cifically, EMA 140 may be loaded onto clip-in support ring
200. Afterwards, clip-in support ring 200 may be affixed
to housing 160, thereby, providing a secure support for
EMA 140 in sensor package 100.

[0028] For MSG devices such as pressure sensor 100,
the port is used to transform a pressure into a strain field.
The function of the pressure sensor 100 is transforming
physical "fluid pressure" into a ratio-metric output volt-
age, which corresponds to the applied pressure in sev-
eral automotive applications. On a membrane of the port
(top side), gages are glass-bonded and transform a
change of a strain field into an electrical output voltage.
It is critical that the strain field on top of the port only be
affected by the applied pressure, i.e., the design of the
portshould decouple other forces, such as mounting forc-
es on the threads and/or bottom of the port, from the
membrane.

[0029] As shown in FIG. 2, an exemplary port 202 in-
cludes a membrane 205 (also referred to as a sensing
element diaphragm), a thread 210, a biting edge/sealing
edge 215, an inner bore hole 220 and a trench port 225.
Generally, the port 202 is open to a pressure environment
at a bottom thereof. Accordingly, the pressure environ-
ment extends from the biting edge/sealing edge 215
through the inner bore hole 220 to the membrane 200.
Disposed on a top of the membrane 205 is at least one
strain gauge (not shown).

[0030] Since the main function of the pressure sensor
100 is measuring pressure, the port 202 should only re-
spond on pressure and not affected by other interaction
forces. For example, the port 202 may be mounted in a
rail with a mounting torque of up to 100Nm or higher. The
forces that act on a sealing edge 215 must be decoupled
from the membrane 205. The strains in the membrane
205 are measured by gages and must only be changed
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by pressure.

[0031] In the prior pressure sensor packages, decou-
pling forces, such as mounting forces, were achieved by
a relatively long port design. The design of the port 202
reduces the port length by implementation of the trench
225. Thetrench port225is atrench added into a shoulder
of the port 202. The trench port 225 enables a decoupling
feature for axial sealing forces, such as mounting forces
on the threads and/or bottom of the port 202, and a re-
duction of a port length of up to, for example, 2.45 mil-
limeters (mm). More specifically, introduction of the
trench port 225 decouples mounting forces while ena-
bling alower port design compared to older technologies.
Atthe same time, the port 202 with trench port 225, along
with cup and connector design, delivers no loss of accu-
racy by applying sealing forces with the additional of port
length reduction, port weight reduction and improved
sensor package vibration robustness, and overall reduc-
tion on manufacturing cost, i.e., with a shorter portdesign,
more ports can be made from one bar stock of raw ma-
terial. Thus, a reduced length contributes to a cost re-
duction in a manufacture of the port 202. Moreover, re-
duction of the port length of the port 202 reduces the
overall length of the sensor. It should also be noted that
an overall length of the port 202, and thus the sensor,
may be further reduced by reducing a length of the con-
nector 110.

[0032] FIG. 3 illustrates another exemplary pressure
sensor package 400, FIG. 4 illustrates another exemplary
pressure sensor package 500 and FIG. 5 illustrates an-
other exemplary pressure sensor package 600. As fully
described above, the lengths of the ports of each of sen-
sor packages 400, 500 and 600. As the length of the ports
are reduced, so is the total lengths of the sensor pack-
ages 400, 500, 600.

[0033] Some embodiments may be described using
the expression "one embodiment" or "an embodiment"
along with their derivatives. These terms mean that a
particular feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment. The appearances of the phrase "inone
embodiment” in various places in the specification are
not necessarily all referring to the same embodiment.
[0034] While this invention has been particularly
shown and described with references to preferred em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made therein without departing from the spirit and
scope of the present application as defined by the ap-
pended claims. Such variations are intended to be cov-
ered by the scope of this present application. As such,
the foregoing description of embodiments of the present
application is not intended to be limiting. Rather, any lim-
itations to the invention are presented in the following
claims.
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Claims

1.

A pressure sensor package including:

a sense element configured to be exposed to a
pressure environment, the sense element in-
cluding at least one strain gauge;

an electronics package disposed on a carrier
and electrically coupled to the sense element,
the carrier disposed on a port that comprises the
sense element, the port including a trench in a
shoulder of the port, the port enabling a decou-
pling feature for sealing and parasitic forces and
a reduction of a port length;

a housing disposed about the sense element
and electronics package;and

aconnector joined to the housing and electrically
connected to the electronics package, the con-
nector including an external interface.

The pressure sensor package of claim 1 wherein the
reduction of a port length is up to 2.45 millimeters
(mm).

The pressure sensor package of claim 1 wherein the
portis fabricated from a metal, metal alloy, or metallic
material.

The pressure sensor package of claim 1 wherein the
connector comprises a plurality of contacts adapted
for making electrical contacts with the electronics
package.

The pressure sensor package of claim 1 wherein the
connector comprises an external interface adapted
for external communication.

A port including:

a membrane;

a thread;

a biting edge/sealing edge; and

an inner bore hole, a pressure environment ex-
tending from the biting edge/sealing edge
through the inner bore hole to the membrane;
a trench in a shoulder of the port, wherein the
trench port enables a decoupling feature for
sealing and parasitic sealing forces and areduc-
tion of a port length.

The port of claim 6 wherein further including at least
one strain gauge disposed on a top of the membrane.

The port of claim 6 wherein the reduction of a port
length is up to 2.45 millimeters (mm).

The port of claim 6 wherein the portis fabricated from
a metal, metal alloy, or metallic material.
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